ABSTRACT We quantitated the growth patterns of the normal fetal heart and the right and left ventricles from postmortem hearts obtained from 55 spontaneously aborted human fetuses from the completion of cardiogenesis to term. Fetal gestational age was assessed by menstrual history of the mother, crown-rump length, head circumference, and body weight and ranged from 8 to 40 weeks. Each heart was perfused and fixed at constant pressure and dissected to obtain right and left ventricular free wall, left ventricular, and total heart weights. Right and left ventricular free wall thicknesses were measured and the respective surface areas were calculated. The changes in each of these parameters with gestational age were examined by regression analysis. Total heart and right and left ventricular wall weights increased linearly with body weight, but exponentially with head circumference, crownrump length, and menstrual history. Right and left ventricular free wall weights were similar throughout gestation and the percent that each contributed to total heart weight were constant at 29 + 2% and 30 + 2%, respectively. Right and left ventricular wall thicknesses did not differ significantly, increasing linearly with menstrual age, crown-rump length, head circumference, and body weight from 8 to 40 weeks. The surface areas of the right and left ventricular free walls that we used as an index of changing ventricular architecture were indistinguishable throughout the period of gestation studied. The similarities in free wall weights, wall thicknesses, and surface areas indicate that the right and left ventricles grow at the same rate throughout the period of gestation from completion of cardiogenesis to term, and do not support the presence of right ventricular dominance in the developing human fetal heart. Circulation 70, No. 6, 935-941, 1984.
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THE RIGHT VENTRICLE has been considered to be the dominant ventricle in the normally developing fetal heart in animals in which right and left ventricular outputs have been measured.1-' The concept of "right ventricular dominance" in the human fetus has resulted largely from autopsy studies in which right ventricular weights exceeded left ventricular weights.A'0 However, the methods used in these studies varied widely, and different proportions of the interventricular septum were arbitrarily designated as the right and left ventricles, resulting in dissimilar, multiphasic ventricular growth curves.8-0 In addition, previous studies have provided little information regarding comparative right and left ventricular growth in the human fetus before 24 weeks gestation. Recently attempts have been made to characterize cardiac growth in the fetus with real-time ultrasound,"'-5 but have provided con- flicting results as to the ventricular sizes. Some have reported that the right ventricle is consistently larger than left ventricle," while others have shown them to be of similar size. 12. 13. 15 Also, measurement of cardiac chamber sizes with ultrasound is restricted to the latter half of the second trimester due to the limited resolution of currently available echocardiographic instrumentation.
The magnitude and time course of the previously described differences between right and left ventricular weights during gestation are not explained by concomitant changes in the pulmonary circulation, the systemic circulation, or the fetal lung. In an attempt to settle the controversy surrounding the relative domi-
tricles to determine whether they are consistently different, (3) to quantitate the changes in right and left ventricular wall thicknesses, and (4) to assess the surface areas of the right and left ventricular walls as indexes of ventricular architecture. Each of these parameters was examined as a function of menstrual age, total body weight, crown-rump length, and head circumference from the completion of cardiogenesis to birth.
Materials and methods
The study population consisted of 55 consecutive, spontaneously aborted human fetuses (26 female and 29 male), all of whom underwent complete autopsy. Each was included in the study only if the heart and circulatory system were determined to be normal. Gestational age ranged from 8 to 40 weeks and was assessed in each fetus by menstrual age, defined as the time from the first day of the last menstrual period of the m-other, and by measurements of crown-rump length, occipitobregmatic head circumference, and total body weight.
The heart and lungs of each fetus were removed in toto and perfused and fixed for 24 hr with formalin-saline via the inferior vena cava at a constant perfusion pressure of 15 cm HO. The lungs were then removed, the venae cavac and pulmonary veins excised at their insertions into the atria, and the great arteries transected imIinediately above the semilunar valve cusps. TIhe hearts were dissected as described by After 'blot drying" with absorbent tissue paper, the right and left ventricular free walls, the septum, and the atria were weighed on a Sartorius 1212 balance by two independent observers and mean values were calculated for each structure. Neither observer had any knowledge of fetal gestational age. The percentage weight that each of these structural components of the heart contributed to total heart weight was calculated.
We The right and left ventricular free walls were transected parallel to the planes of their respective atrioventricular valves midway between the tips of the papillary muscles and the valve anuli. Right and left ventricular midwall thicknesses were measured in the free wall opposite the middle of the septum, using a binocular microscope with a graticule in the objective lens. We assessed the respective changes in right and left ventricular architecture as the heart progressively increased in size and weight by calculating the surface areas of the free walls of the two ventricles as follcows. Free wall weights (in g) were divided 936 by the density of muscle (1.055 g/cm3), which provided an estimate of muscle volume (cm3). Right and left ventricular muscle volumes were then divided by their respective midwall thicknesses (in cm), which we used as an approximation of mean wall thickness to obtain estimates of ventricular free wall surface area (in cm2).
Changes in total heart weights, right and left ventricular free wall weights, wall thicknesses, and free wall surface areas were examined as a function of (I) menstrual age, (2) body weight, 13) crown-rump length, and (4) Right and left ventricular free wall surface areas were indistinguishable throughout the period of gestation studied. This is illustrated by the regression line between the two, which had a slope of 1.03, an intercept of 0.01, and a correlation coefficient of .97 (figure 6).
Interobserver 
Discussion
This prospective pathoanatomic study characterizes the normal growth pattem of the human fetal heart and the comparative right and left ventricular growth curves with gestational age and body habitus from the latter part of the first trimester to birth. We selected this period for study for two reasons. weights, wall thicknesses, and free wall surface areas. We measured ventricular free wall weights since, unlike previous authors,8-0 we were unable to separate the septum from base to apex into its "right and left ventricular components." When we examined the septum with the aid of a dissecting microscope, it appeared to be more a continuum than two simple laminas, and we concluded that any attempts at subdivision would be arbitrary and, moreover, not reproducible.
Total heart weight increased progressively from the latter half of the first trimester to term, but its pattern of growth varied according to whether it was expressed as a function of menstrual age or by more specific descriptors of body habitus. Total heart weight increased exponentially with menstrual age, crown-rump length, and head circumference. The latter two parameters are used routinely as pathologic indexes of fetal gestational age. A similar pattern of cardiac growth could be predicted for biparietal diameter, which is the most reliable noninvasive assessment of gestational age in vivo,''-23 since it is directly proportional to head circumference. Total heart weight correlated linearly only with total body weight, but body weight is not a reliable estimate of gestational age, especially during the last trimester of pregnancy.
Individual right and left ventricular free wall weights were not significantly different from 8 to 40 weeks gestation, increasing exponentially with crownrump length, head circumference, and menstrual age and linearly with body weight. The growth curves for the right and left ventricular free walls were not only similar, but were superimposable. Furthermore, in spite of the enormous increase in total heart weight, the right and left ventricular free walls contributed almost constant proportions to total heart weight from the latter part of the first trimester to birth. These similar and progressive increases in right and left ventricular weights are in marked contrast to the dissimilar multiphasic growth patterns described in previous pathoanatomic studies. [8] [9] [10] We assessed "total left ventricular weight" as the left ventricular free wall weight plus the weight of the entire septum consistent with pathoanatomic convention. Total left ventricular weight increased with body size and menstrual age in a manner similar to that of right and left ventricular free wall and total heart weights. The total left ventricle (left ventricular free wall plus septum) consistently contributed approximately two-thirds of the total heart weight throughout gestation. 13 The similarities between the right and left ventricles may be explained by closer scrutiny of their respective functions. During fetal life oxygenated blood from the placenta is slip-streamed from the ductus venosus via the inferior vena cava to the left atrium through a widely patent foramen ovale. In the presence of such a large intraatrial communication preload in the two ventricles must be the same. In addition the right ventricle ejects more than 95% of its stroke volume into the systemic circulation via the ductus arteriosus throughout gestation., 24 The ductus arteriosus has a similar diameter to the pulmonary trunk and ascending aorta, and since both ventricles effectively eject into a common systemic circulation, their afterloads must be very similar. The right and left ventricles may therefore be regarded as two muscular pumps working in parallel with the same preload and similar afterloads. Since afterload is a major determinant of ventricular muscle mass,-then from a mechanical standpoint, right and left ventricular muscle masses should be the same. Furthermore, when the pressure-volume and wall tension-radius relationships of the right and left ventricles were actually measured in the fetal lamb, they were similar.26 Thus our pathoanatomic findings of similar right and left ventricular free wall weights throughout gestation are consistent with these theoretical mechanical considerations.
We conclude that the similar weights, wall thick-nesses, surface areas, and contributions to total heart weight indicate that the right and left ventricles grow at the same rates throughout gestation. These findings, which corroborate recent echocardiographic data,'2' 13, 15 are explicable in terms of similar right and left ventricular mechanics, and do not support the presence of right ventricular dominance in the developing human fetal heart.
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